Aims/hypothesis A recent Finnish study described reduced fertility in patients with childhood-onset type 1 diabetes. The Type 1 Diabetes Genetics Consortium (T1DGC) is an international programme studying the genetics and pathogenesis of type 1 diabetes that includes families with the disease. Our aim was to assess fertility, defined as number of offspring, in the affected and unaffected siblings included in the T1DGC. Methods Clinical information from participants aged ≥18 years at the time of examination was included in the present analysis. The number of offspring of affected and unaffected siblings was compared (in families including both) and the influence of birth year, disease duration and age of onset was assessed, the last in affected siblings only, using Poisson regression models.
Results A total of 3010 affected and 801 unaffected adult siblings that belonged to 1761 families were assessed. The mean number of offspring was higher in the unaffected than in the affected individuals, and the difference between the two groups was more pronounced in women than men. Poisson regression analysis showed that both sex and birth cohort significantly affected the differences between groups. In the affected siblings, adult onset (≥18 years), female sex and older birth cohort were associated with higher fertility. Conclusions/interpretation Patients with type 1 diabetes have fewer children than their unaffected siblings. This effect is more evident in women and in older birth cohorts. Onset of type 1 diabetes as an adult rather than a child is associated with a higher number of offspring, even after accounting for birth cohort and disease duration.
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Introduction
Type 1 diabetes may negatively affect obstetric and perinatal outcomes. Fertility, defined as number of offspring, is reduced in women with type 1 diabetes [1] . Indeed, although both fertility and the risk of congenital malformations have improved in women with type 1 diabetes in the past few decades [1] , pregnancy outcome is still worse than that in healthy women, as is physical and psychological well-being [2] . On the other hand, data about fertility in men with type 1 diabetes are scarce. One recent Finnish population-based study showed a reduced number of offspring both in women and in men with the disease [3] .
The Type 1 Diabetes Genetics Consortium (T1DGC) is an international programme that aims to study the genetics and pathogenesis of type 1 diabetes [4, 5] . With thousands of families with at least two affected siblings included from all over the world, this collection represents an extraordinary resource. We aimed to identify differences in the number of offspring of affected and unaffected siblings and to assess the factors that influence fertility.
Methods
Clinical information was obtained by questionnaire at each of the participating centres, whose Ethics Committees had previously approved the study. Only individuals aged ≥18 years at the time of examination were included in the present analysis. To avoid possible effects derived from ethnic differences, white individuals were analysed separately, since they represented 96.4% of the participants. The T1DGC database (2009) contained a total of 3010 affected and 801 unaffected adult siblings, from 1761 white families. Mean age (±SD) was 31.6±11.3 years and 50.3% were women. Analyses were also performed including all ethnicities (1880 families, 3953 participants). Inclusion criteria have been described previously [4, 5] .
To compare the number of offspring of affected and unaffected siblings, we restricted our analysis to the 584 families containing both. We randomly selected only one affected and one unaffected sibling from each family, thus reducing potential bias owing to uncontrolled differences in family size, origin and environmental factors. Electronic supplementary material (ESM) Table 1 shows the main features of the affected and unaffected siblings. Comparisons were made using Χ 2 and Wilcoxon tests. A Poisson regression model was used to analyse the data, in which the response variable was the logarithm of the mean number of offspring, assuming multiplicative effects between the outcome (mean number of offspring) and the explanatory variables (covariates). Disease status (affected or unaffected), sex and birth cohort, as well as the interaction between them, were considered as covariates in the model. Goodness of fit was assessed by the Χ 2 test (a non-significant result reflects a good fit). An important assumption of this model is that the mean and variance of the data are similar. Overdispersion (variance > mean) was assessed by Dean's test [6] .
To assess the influence of time of onset of diabetes on fertility, we analysed the affected siblings ≥18 years at the time of examination who had known time of onset and number of children. We compared affected individuals with adultand childhood-onset type 1 diabetes (diagnosis at ≥18 and ≤17 years, respectively). To avoid bias due to family structure, this analysis was conducted in two ways. In the first analysis, only one affected sibling was randomly selected per family (1686 unrelated individuals; 684 with adult onset and 1002 with childhood onset). In the second analysis, only families with at least one sibling in each onset category were considered; in these families, one affected sibling with adult onset and one with childhood onset were randomly selected. A Poisson regression model was used to analyse the findings, in which time of onset, birth cohort and sex were considered as covariates. Statistical analyses were performed with the statistical computing environment R v3.0.2 (R Foundation for Statistical Computing, Vienna, Austria). Table 2 shows the distribution of the number of offspring according to the sex and diabetes status of the siblings. Overall, women had more children than men, mainly due to a higher proportion of childless men. The mean number of offspring was higher in the unaffected than in the affected siblings, and the difference by diabetes status was greater in women than in men (Fig. 1, ESM Table 2 ). The fitted model showed a significant effect (p<0.001) of all the covariates and of the interactions of disease status with birth cohort (p<0.012) and sex (p=0.0066). The χ 2 test (p value 0.95) showed a good fit of the data, and Dean's test (p value 0.58) revealed no overdispersion. ESM Table 3 shows the ratio of the number of children of affected siblings vs unaffected siblings, according to sex and birth cohort. It remained below one after adjusting for birth cohort (0.8 [95% CI 0.7, 0.9]), and was lower in women (0.72 [95% CI 0.6, 0.85]) than in men (0.91 [95% CI 0.64, 0.98]). The extent of the difference between the ratios (expressed as ratio of ratios women/men) was also significant: 0.79 (95% CI 0.64, 0.98; p=0.033). Overall, similar results were seen when all families (1880, all ethnicities) were included (data not shown).
Results
Number of offspring of affected vs unaffected siblings ESM
Effect of age of onset To assess the effect of age of onset of type 1 diabetes on number of offspring, only affected siblings were included, classified by childhood onset or adult onset. The features of these siblings are summarised in ESM Table 4 and the findings are shown in Fig. 2 . The Poisson regression model showed a good fit ( p = 0.999) and lack of overdispersion (p=0.7268). Birth cohort and time of onset had a significant effect on the number of offspring (p<0.001) and there was significant interaction between them (p<0.001), the effect of time of onset decreasing in more recent birth cohorts. There was a significant effect of sex, which also interacted with birth cohort (p=0.011). When included in the model, duration of the disease (at the time of examination) showed no effect ( p=0.8838). The adjusted model showed that participants with childhood-onset type 1 diabetes had significantly fewer children than those with adult onset for the cohort born between 1931 and 1955 (Fig. 1 , ESM Tables 5-7) . When only the 426 families with one sibling with adult onset and another sibling with childhood onset were considered, a significant effect of birth cohort and time of onset was again observed (p<0.001), but no interaction between these variables (p=0.5442) or sex differences (p=0.3866) were found (ESM Fig. 1, ESM Tables 6 and 7 ).
Discussion
Our data show that type 1 diabetes significantly affects fertility. Women and men with type 1 diabetes had significantly fewer offspring than their unaffected siblings. This reduction was significant for some birth cohorts, but not all, and tended to be more pronounced in women. Given that we selected families with both affected and unaffected siblings, we can reasonably argue that both groups were exposed to similar environmental factors, including socioeconomic status. Therefore, we may assume that differences in the number of offspring were primarily due to the presence of type 1 diabetes.
To the best of our knowledge, this is the first international study to assess the number of offspring in both women and men with type 1 diabetes that has included both childhood and adult onset of the disease. Our results confirm those of previous German, Swedish and Finnish studies [1, 3, 7] . A German study in patients with type 1 diabetes (age of onset 23± 15 years) also described a reduced fertility rate in women (0.88) and an even lower rate in men (0.65), compared with a rate of 1.36 in the background female population. More male than female patients were childless at the age of 41-45 years, but there was no available information about childlessness in the male background population [7] . Similarly, reduced fertility was observed in a population-based Swedish study that included women with childhood onset of type 1 diabetes [1] and in a recent Finnish study that included both women and men [3] . In the Finnish study, in agreement with our findings, the reduction in fertility with type 1 diabetes was larger in women than in men. Furthermore, an influence of birth cohort on fertility was also found in the Finnish and Swedish studies, showing a 'normalisation trend' in later birth cohorts [1, 3] . Indeed, the Swedish study concludes that it appears that normalisation in fertility has occurred among women with uncomplicated type 1 diabetes and an onset in the past 20 years [1] . Our results do not refute these findings.
In affected participants, we observed that fertility was significantly lower in those with childhood onset of type 1 diabetes (Fig. 2) , whereas duration of the disease at examination did not itself have an effect. This might be due to the fact that birth cohort was included in the model and, therefore, 1955 1961−1965 1971−1975 1981−1985 1956−1960 1966−1970 1976−1980 1986−1990 Fig . 2 Mean number of offspring vs birth cohort, sex and time of onset of type 1 diabetes. Black symbols, adult onset; white symbols, childhood onset; circles, women; triangles, men duration of the disease was somewhat already accounted for. Furthermore, we cannot rule out an effect of participants developing type 1 diabetes after having a child, because date of birth of the offspring was not available. Since no further information is available on voluntary or involuntary childlessness, complications or glycaemic control, we can only speculate on the reasons for the differences in fertility. Biological reasons, such as menstrual irregularities and erectile dysfunction, could be part of the explanation. Furthermore, women with diabetes may be discouraged by pregnancy risks and intensive, time-consuming follow-up. However, regardless of the causes, the difference in fertility between patients with type 1 diabetes and the non-diabetic population seems to be diminishing over time.
In conclusion, individuals with type 1 diabetes have fewer children than their unaffected siblings and this effect is more pronounced in women and in older birth cohorts. In patients with type 1 diabetes, later age of onset of diabetes is associated with a higher number of offspring.
